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Expression levels of and SAP97 isoforms in hippocampal neurons
To estimate the expression levels of recombinant or SAP97-EGFP in hippocampal neurons relative to endogenous SAP97, we analyzed lysates of neurons infected at high titer (~90% infection rate) with or SAP97-EGFP by Western blot. Probing with SAP97
antibodies allowed us to visualize total levels of endogenous SAP97 as well as those of the overexpressed and -isoforms (Fig. S1A ). This revealed that and SAP97-EGFP appear to be overexpressed ~2-3 fold relative to endogenous SAP97 in total cellular lysates. Further, overexpression of and SAP97-EGFP does not appear to affect the expression of endogenous SAP97.
We also estimated the degree of and SAP97-EGFP overexpression in spines of neurons transfected using calcium phosphate precipitation, the method used for the electrophysiological experiments and in the study of endogenous surface GluR1 and mCh-GluR1 localization and dynamics. Since this transfection method is far less efficient (<5% of transfected cells), we could not use Western blotting for analysis. Similarly, immunostaining with SAP97
antibodies was not possible, as these antibodies are of insufficient quality for immunocytochemistry in dissociated hippocampal neurons. Further, endogenous SAP97 levels in spines of hippocampal neurons are low relative to other postsynaptic MAGUK proteins, such as PSD-95 (Schlüter et al. 2006) , suggesting that PSD-95 typically has a dominant role in regulating SAP97 isoforms regulate GluR1 dynamics 2 synaptic AMPARs in the hippocampus. However, when expressed at comparable levels, SAP97
isoforms could exert a greater influence, enabling their roles in synaptic AMPAR trafficking to be ascertained. Thus, we decided to quantify the degree of SAP97-EGFP overexpression relative to endogenous PSD-95 levels in dendritic spines.
For this analysis, we first compared the expression levels of endogenous and EGFPtagged PSD-95 using PSD-95 antibodies. By immunostaining, we found no difference in the intensity of PSD-95 puncta in untransfected neurons relative to those transfected with PSD-95-EGFP ( Fig. S1B , left column). This result suggests that our transfection method is capable of expressing this protein at near-endogenous levels, and that endogenous PSD-95 expression is downregulated in transfected neurons. Subsequently, using identical settings for image acquisition, a direct comparison of EGFP intensity in spines of neurons transfected with SAP97-EGFP or SAP97-EGFP revealed only modest overexpression of the two SAP97 isoforms by ~1.5 fold and ~2 fold, respectively, relative to the level of PSD-95-EGFP (Fig. S1B , right column). Clearly, these data represent estimates, as we typically observe cell-to-cell variability in protein expression levels, as well as higher levels of synaptic SAP97-EGFP expression relative to SAP97-EGFP. Nevertheless, our findings demonstrate that the degree of SAP97-EGFP overexpression in calcium phosphate-transfected neurons is modest and comparable to that of endogenous PSD-95. Furthermore, the comparison of spine intensity values of -and SAP97-EGFP at synapses from neurons infected with lentivirus ( Fig. S2A ) or transfected neurons (Fig. S6A ) reveal that these levels of expression are comparable.
Subsynaptic localization of and SAP97-EGFP
To examine the subsynaptic distributions of and SAP97, we optimized an existing protocol utilizing silver-enhanced immunogold EM to label EGFP-tagged proteins in dissociated hippocampal neurons (Micheva et al. 2003) . As depicted in Figure S4B , the two most commonly observed sites for SAP97-EGFP labeling were near the spine plasma membrane, typically peripheral to the PSD, or within the spine head. Since we did not perform serial sectioning, we could not discern whether labeling within the spine head also represented plasma membraneassociated protein in a different z-axis, or intracellular cytoplasmic or membrane-associated protein.
We also observed SAP97-EGFP labeling at the PSD (Fig. S4B , bottom right panel).
However, compared to SAP97-EGFP, which consistently and intensely labeled the entire length Waites et al., J. Neurosci. 2009 3 of the PSD (Fig. S4A ), SAP97-EGFP appeared to label only sub-domains of this structure.
Together with the rest of our data, these images indicate that -and -isoforms have fundamentally distinct localizations within dendritic spines, with SAP97 primarily associated with the PSD and SAP97 with non-PSD structures, including the peripheral plasma membrane and intracellular regions. In addition, labeling for both proteins was occasionally observed in presynaptic boutons, sometimes associated with synaptic vesicles (as seen for SAP97 in Fig.   S4B , lower right).
Specificity of interaction between SAP97 and GluR1
To confirm binding between the SAP97-EGFP constructs and GluR1, we coexpressed mCh-GluR1 with , or SAP97-EGFP in HEK cells, harvested cellular lysates, and immunoprecipitated mCh-GluR1 from these lysates using polyclonal RFP antibodies (which also recognize mCherry). As shown in Figure S5B , all SAP97-EGFP constructs were pulled down with anti-RFP but not anti-IgG antibody, confirming a specific interaction between SAP97-EGFP and mCh-GluR1. Furthermore, this interaction was not affected by deletion of the N-terminus of SAP97, in agreement with previous reports showing that binding is governed by the distal Cterminal PDZ domain (Leonard et al. 1998 , Cai et al. 2002 .
As an additional test for the specificity of the SAP97-GluR1 interaction, we examined whether -or SAP97-EGFP promoted the accumulation of the GluR3 subunit of AMPARs within dendritic spines of dissociated hippocampal neurons. Since this subunit does not form heterotetramers with GluR1 (only GluR1/2 or GluR2/3 complexes exist in hippocampal neurons), and has never been shown to bind SAP97, it should not be influenced by either GluR1 or SAP97
localization. Indeed, we did not observe any postsynaptic accumulation of GluR3 in spines of neurons overexpressing or SAP97-EGFP (Fig. S5C) , demonstrating the specificity of SAP97-GluR1 binding.
Transsynaptic effects of postsynaptic and SAP97-EGFP expression
Our previous study showed that postsynaptic SAP97 overexpression caused an increase in the size of adjacent presynaptic boutons via transsynaptic signaling (Regalado et al. 2006) .
Since changes in presynaptic function could potentially contribute to the electrophysiological differences seen in neurons expressing or SAP97-EGFP, we decided to compare the effects SAP97 isoforms regulate GluR1 dynamics 4 of postsynaptic -and SAP97 overexpression on presynaptic size and function. We used FM4-64 uptake and destaining to assess the sizes and exocytosis rates, respectively, of the total recycling pool (TRP) of synaptic vesicles (SVs) in boutons adjacent to SAP97-expressing postsynaptic sites. First, coverslips containing neurons transfected with , or SAP97-EGFP were mounted on a confocal microscope and loaded with FM4-64 (90 mM KCl, 60 sec) to label the TRP of SVs. After acquiring images from at least 8 fields of view (containing 1-2 transfected and a similar number of untransfected neurons) for each construct, we used custom software (OpenView, N. Ziv) to compare the fluorescence intensities of FM4-64 puncta adjacent to , , or SAP97-transfected neurons with those adjacent to untransfected neurons in the same field of view (see Fig. S8A ). We found that and SAP97-EGFP had significant (t test, p<0.0005 for both and SAP97) and nearly identical transsynaptic effects on the TRP size of adjacent boutons, increasing their intensities by an average of ~35% compared to control cells
In contrast, SAP97-EGFP had no effect on the TRP size of adjacent boutons (average intensity increase of 1% +/-4% compared to control boutons), consistent with its inability to become stably anchored within postsynaptic spines or to recruit other transmembrane proteins, such as GluR1, to these sites.
These results demonstrate that and SAP97 may enhance the ability of SVs at adjacent presynaptic boutons to undergo exocytosis. To examine this effect more closely, we compared the FM destaining rates of boutons adjacent to -and SAP97-expressing spines and control boutons. Here, and SAP97-EGFP transfected cultures were mounted on the confocal microscope and the TRP of vesicles labeled with FM4-64 as described above. Images were acquired before and every 5 sec during a 10 Hz, 90 sec stimulus train. Following stimulation, boutons were destained completely with 90 mM KCl (60 sec) to obtain measurements of background FM4-64 fluorescence. To obtain destaining curves, we used OpenView software to measure the FM4-64 fluorescence intensity (F) of the puncta at each timepoint (t) relative to the initial fluorescence intensity prior to destaining, and normalized these values to FM background fluorescence (F b ) using the following equation:
. Individual puncta were averaged for a given condition and field of view, and the resulting curves averaged to give the final destaining curves. We found that and SAP97 expression resulted in similar FM destaining rates, with boutons adjacent to transfected spines having only marginally faster destaining rates than those adjacent to untransfected spines (Fig. S8D,E 
Methods
Lentivirus Production HEK cells were grown to confluence in DMEM medium containing 10% FBS and the medium was exchanged for Neurobasal medium containing GlutaMAX and B27 prior to transfection.
Cells were cotransfected with pFUGW constructs (10 g) together with the helper plasmids 8.9
(7.5 g) and VSVg (5 g) in 1.5 ml Opti-MEM medium (Invitrogen), using 60 l lipofectamine (C) Images of dendrites from neurons transfected with -or SAP97-EGFP (green; left panels) and stained with antibodies against endogenous GluR1 (red; top images) or GluR3 (red; bottom).
Both SAP97 isoforms cause the accumulation of GluR1 within dendritic spines but have no effect on GluR3 localization. Upper panels depict the recovery under normal conditions, while the lower images show the recovery following crosslinking of surface mCh-GluR1 using sequential incubation with polyclonal RFP primary antibodies and anti-rabbit secondary antibodies. The quantification of these data is shown in Fig. 5H . In addition to abolishing mCh-GluR1 recovery, antibody crosslinking also changes the distribution of the receptors in dendrites, creating clusters of linked receptor subunits. Note that puncta adjacent to or SAP97-EGFP destain at similar rates to control puncta (mean intensity values ± SEM for n = 2 fields of view for SAP97 and 3 fields for SAP97; n 120 puncta per condition).
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Supplementary GFP-βSAP97 (+ sh95), lentivirus mCh-GluR1 (+ βSAP97-GFP), anti-RFP βSAP97-GFP (+ mCh-GluR1) βSAP97-GFP (+ mCh-GluR1), anti-RFP βSAP97-GFP, anti-GluR1 (endogenous) mCh-GluR1 (+ αSAP97-GFP), anti-RFP αSAP97-GFP (+ mCh-GluR1) βSAP97-GFP (+ mCh-GluR1) ΔSAP97-GFP (+ mCh-GluR1) mCh-GluR1 (+ αSAP97-GFP) mCh-GluR1 (+ βSAP97-GFP) mCh-GluR1 (+ ΔSAP97-GFP) αSAP97-GFP (+ sh95), lentivirus αSAP97-GFP + 2-br-palmitate, lentiv. αSAP97-GFP, lentivirus βSAP97-GFP, lentivirus ΔSAP97-GFP, lentivirus βSAP97-GFP + 2-br-palmitate, lentiv.
